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Abstract  Pulmonary  rehabilitation  is  an  evidence-based,  multidisciplinary,  comprehensive
intervention  for  patients  with  chronic  respiratory  diseases  who  are  symptomatic  and  whose
daily living  activities  are  often  restricted.
Pulmonary  rehabilitation  programs  are  designed  to  improve  the  physical  and  emotional
condition of  people  with  chronic  respiratory  disease  and  to  promote  long-term  adherence  to
health-enhancing  behavior.
Exercise  training  is  at  the  core  of  pulmonary  rehabilitation  (PR)  programs.  The  beneﬁts  of
exercise training  include  decreased  dyspnea,  improved  health-related  quality  of  life,  fewer
days of  hospitalization,  and  decreased  health-care  utilization.
To gain  PR  beneﬁts,  patients  should  be  able  to  complete  an  exercise  training  program,  prefer-
ably with  high  intensity  exercise,  and  it  is  likely  that  these  beneﬁts  will  translate  into  a  change
from a  pattern  of  a  sedentary  lifestyle  to  a  physically  active  lifestyle.
Chronic  respiratory  patients,  namely  COPD  patients,  have  a  low  exercise  tolerance  due  to
multiple factors,  such  as  dynamic  hyperinﬂation  and  peripheral  muscle  dysfunction. describe  a  variety  of  modalities  and  strategies  to  overcome  exerciseIn this  article,  the  authors
limitations  and  improve  the  effects  of  exercise  training.
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Modalidades  e  Estratégias  de  Treino  Físico  para  Melhorar  o  Desempenho  durante  o
Exercício  em  Pacientes  com  Doenc¸as Respiratórias
Resumo  A  reabilitac¸ão  pulmonar  é  uma  intervenc¸ão  abrangente,  multidisciplinar  e  baseada
em evidências,  para  doentes  com  doenc¸as  respiratórias  crónicas  que  são  sintomáticas  e  cujas
actividades  da  vida  diária  são  frequentemente  limitadas.
Os programas  de  reabilitac¸ão  pulmonar  estão  concebidos  para  melhorar  a  condic¸ão  física  e
emocional de  pessoas  com  doenc¸as  respiratórias  crónicas  e  promover  a  adesão  a  longo  prazo  a
comportamentos  benéﬁcos  para  a  saúde.
O exercício  físico  está  no  cerne  dos  programas  de  reabilitac¸ão  pulmonar  (RP).  Os  benefícios
do exercício  físico  incluem  reduc¸ão  da  dispneia,  melhor  qualidade  de  vida  em  termos  de  saúde,
menos dias  de  hospitalizac¸ão,  e  utilizac¸ão  reduzida  dos  cuidados  de  saúde.
Para obter  os  benefícios  da  RP,  os  doentes  deverão  ser  capazes  de  completar  um  programa
de exercício  físico,  de  preferência  com  exercícios  de  alta  intensidade,  e  é  provável  que  esses
benefícios se  traduzam  numa  mudanc¸a  de  um  padrão  de  estilo  de  vida  sedentário  para  um  estilo
de vida  ﬁsicamente  activo.
Doentes  com  doenc¸as  respiratórias  crónicas,  nomeadamente  com  DPOC,  têm  uma  baixa  tol-
erância ao  exercício  devido  a  uma  diversidade  de  factores,  como  a  hiperinsuﬂac¸ão  dinâmica  e
a disfunc¸ão  muscular  periférica.
Neste  artigo,  os  autores  descrevem  uma  variedade  de  modalidades  e  estratégias  para  superar
as limitac¸ões  de  exercício  e  melhorar  os  efeitos  do  treino  físico.
© 2013  Sociedade  Portuguesa  de  Pneumologia.  Publicado  por  Elsevier  España,  S.L.  Todos  os
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Introduction
Exercise  training  (ET)  is  a  mandatory  component  of  pul-
monary  rehabilitation  (PR),  it  is  at  the  core  of  PR  programs
and  improves  patients  exercise  tolerance  and  functional
capacity,  fatigue  and  dyspnea  symptoms  and  health-related
quality  of  life.1--4
Pulmonary  rehabilitation  also  has  beneﬁts  for  health-
related  costs,  reducing  the  number  of  exacerbations  and
hospitalizations,  days  in  hospital  and  mortality  in  COPD
patients.5
Although  highly  recommended  by  scientiﬁc  societies,  at
present,  less  than  5%  of  eligible  patients  have  access  to
pulmonary  rehabilitation.6 There  is  a  need  to  optimize  avail-
ability,  accessibility  and  quality  of  PR  in  Europe,  and  that
includes  Portugal.
According  to  GOLD,  exercise  training  has  beneﬁts  for  all
categories  of  COPD,  but  PR  programs  are  mainly  directed  at
the  most  symptomatic  and  severe  patients:  grades  B,  C  and
D.7
Exercise  intensity  is  a  key  element  in  improving  out-
comes.  Therefore,  high  intensity  training  is  recommended
for  its  physiological  beneﬁts.2
In  this  article,  authors  describe  a  variety  of  modalities
and  strategies  to  overcome  exercise  limitations  and  improve
the  effects  of  exercise  training.
Exercise  training  components
Exercise  training  modalities  include:1.  Endurance  training:
(a)  Lower  and  upper  limbs
(b)  Continuous  or  interval  training
o
o
h(c)  High  and  moderate  intensity.  Relevance  of  total  dose
(combining  training  intensity,  training  session  dura-
tion  and  frequency)
.  Strength  training:  lower  and  upper  extremities
.  Neuromuscular  electrical  stimulation  (NMES)
Limiting  factors  of  exercise  performance  in  COPD
atients  are  multifactorial,8 but  dynamic  hyperinﬂation  and
eripheral  muscle  dysfunction  are  the  most  relevant  ones,
articularly  in  severe  patients.
trategies  to  enhance  exercise  tolerance
ultiple  strategies  to  improve  tolerance  to  high  intensity
xercise  training  in  severe  patients  have  been  presented  in
iterature9:
 Pharmacological  treatment  optimization10,11
 Non-invasive  ventilation  (NIV)12,13
 Oxygen  supplementation  (O2)14--18
 Heliox19--21
 Aerobic  training  modalities:  interval  training,22--28 bicycle
interval  training,29 nonlinear  exercise  training30
 Localized  muscle  training:  a  few  muscle  groups  are  active
at  each  moment31--32 bicycle  single-leg  (unilateral),32
progressive  strength  training  (or  isolated  quadriceps
training)33,34
 Neuromuscular  electrical  stimulation  (NMES)35--37
 Eccentric  exercise  training  (experimental)38,39
 Walking  aids  utilization40,41In  all  above  strategies,  pharmacological  treatment
ptimization  with  inhaled  bronchodilators  is  highly  rec-
mmended  to  improve  symptoms  and  dynamic  lung
yperinﬂation  and  to  enhance  exercise  tolerance.  It  is
38  P.  Almeida,  F.  Rodrigues
e
p
p
T
e
b
o
s
c
d
o
(
s
p
l
u
l
ﬂ
s
i
d
k
r
i
e
m
c
d
o
u
t
d
v
S
s
T
h
t
I
i
i
h
w
i
n
m
q
o
d
m
e
e
p
b
w
t
g
t
i
b
p
w
(
s
t
e
o
d
l
fFigure  1  Cycling  while  on  oxygen.
ssential  to  prescribe  them  appropriately,  to  stimulate
atient  compliance  and  verify  inhalation  technique.
Noninvasive  ventilation, oxygen  therapy  and  heliox  sup-
lements  during  exercise  training  are  matters  of  debates.
he  real  value  of  these  exercise  training  adjuncts  is  not  well
stablished.
Noninvasive  ventilation  and  heliox  supplements  have
een  the  subject  of  pilot  studies  that  have  shown  evidence
f  exercise  tolerance  improvement  in  patients  who  have
everely  limited  ventilation,  but  their  efﬁcacy  and  appli-
ability  has  not  been  established.
Use  of  supplemental  oxygen  in  patients  with  exercise
essaturation  (Fig.  1)  is  consensual  in  order  to  maintain  an
xygen  saturation  of  at  least  90%  during  the  training  session
grade  of  recommendation  1C).2
Some  studies  have  suggested  the  beneﬁt  of  oxygen
upplementation  in  exercise  tolerance  in  non-hypoxemic
atients,18 but  the  effects  in  improving  activities  of  daily
iving,  health  status,  morbidity  or  mortality  are  not  yet  doc-
mented.  This  therapy  might  be  cost-effective  in  ventilatory
imited  patients  where  dyspnea  due  to  dynamic  hyperin-
ation  prevents  high  intensity  exercise  training.  Oxygen
upplementation  reduces  dynamic  hyperinﬂation  through
nhibition  of  carotid  sinus  stimulation,  reducing  ventilatory
rive  and  respiratory  rate.  During  exercise  sessions  it  is  also
nown  to  improve  oxygen  delivery  to  peripheral  muscles,
educing  muscle  fatigue,  which  underpins  its  role  as  a  train-
ng  adjuvant  and  potentiating  its  effects.
Exercise  training  is  of  paramount  value  in  improving
xercise  tolerance.  It  reduces  ventilatory  demands  for  sub
aximal  efforts  due  to  a  lower  lactic  acid  production  in  mus-
le  ﬁbers.  This  will  reduce  respiratory  rate,  and  hence  the
ynamic  hyperinﬂation  for  the  same  exercise  intensity.
Exercise  intensity  and  session  duration  are  determinants
f  the  physiological  response  to  training.  However,  contin-
ous  high  intensity  exercise  is  usually  too  hard  for  patients
o  achieve  due  to  their  ventilatory  limitation,  their  muscle
ysfunction  with  its  premature  lactic  acidosis,  their  higher
entilatory  demand  and  their  dynamic  hyperinﬂation.
ome  exercise  training  modalities  are  also  good
trategies for  improving
his  is  the  case  with  interval  training,  which  produces  a
igh  intensity  peripheral  muscle  demand  and  at  the  same
d
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a
eFigure  2  Neuromuscular  electrical  stimulation.
ime,  a  lower  ventilatory  demand  due  to  late  lactic  acidosis.
nterval  training  with  repeated  short  high  intensity  train-
ng  periods  (30  s  to  3  min),  interspersed  with  rest  or  low
ntensity  periods,  is  well  suited  for  patients  with  dynamic
yperinﬂation,  and  it  delays  its  onset.  Interval  training  is
ell  suited  for  patients  with  dynamic  hyperinﬂation,  and
t  delays  its  onset.  The  beneﬁts  are  well  documented,  it
ot  only  improves  training  tolerance,  but  it  also  enhances
uscle  ﬁber  capillarity,  metabolism,  typology  and  size.
Muscle  training  involving  fewer  muscle  groups,  namely
uadriceps  strength  training,  could  be  an  alternative
ption,  particularly  in  patients  with  a  high  risk  of  decon-
itioning  (e.g.  severe  exacerbations  with  hospitalization).
Neuromuscular  electrical  stimulation  of  ambulatory
uscles  (Fig.  2) might  be  an  additional  or  alternative  strat-
gy  in  very  disabled  patients,  such  as  patients  with  acute
xacerbations  or  patients  on  an  active  list  for  lung  trans-
lant.
All  the  above  strategies  or  training  modalities  could
e  either  alternative  or  complementary  and  the  clinician
ho  prescribes  pulmonary  rehabilitation  should  be  aware  of
hem.  Combinations  of  different  but  complementary  strate-
ies  might  be  more  beneﬁcial  than  the  cumulative  effect  of
he  beneﬁts  of  each  one.
Dynamic  hyperinﬂation  reduction  has  a  key  role  in  the
mprovement  of  exercise  tolerance  and  might  be  achieved
y  combining  strategies  that  enhance  expiratory  ﬂow  (e.g.
harmacological  optimization  with  inhaled  bronchodilators)
ith  a ventilatory  demand  and  respiratory  rate  reduction
e.g.  through  oxygen  supplementation  and  high  inten-
ity  interval  training).  However,  it  should  be  noted  that
he  eventual  role  of  oxygen  supplementation  beyond  the
ffects  found  in  laboratory  studies,  in  exercise  training
f  non-hypoxemic  patients,  particularly  those  that  do  not
esaturate  while  exercising,  has  not  yet  been  demonstrated.
Motivation  in  complying  with  medication,  with  an  active
ifestyle  and  regular  exercise  might  generate  positive  rein-
orcement  and  could  counteract  the  negative  spiral  of
yspnea,  becoming  sedentary,  deconditioned  and  more  dys-
neic.  It  is  well  documented  in  the  literature  that  there  is
n  association  between  lower  physical  activity,  the  risk  of
xacerbation  with  hospitalization  and  mortality  in  patients
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RExercise  training  modalities  and  strategies  to  improve  exerc
with  COPD42.  Exercise  training  is  the  treatment  that  does
most  to  improve  and  preserve  the  muscle  mass  and  exercise
performance,  both  relevant  prognostic  indexes  in  COPD.
Exercise  training  adaptations  due  to  comorbidities
An  accurate  and  individualized  exercise  prescription  should
necessarily  include  some  patient  adaptation  due  to  comor-
bidities.  The  prevalence  of  comorbidities,  particularly
multiple  comorbidities,  reﬂects  the  growing  evidence  of
COPD  as  a  complex  disease  that  impacts  on  multiple
organic  systems.  Systemic  inﬂammation  enhances  the  risk  of
developing  and  worsening  conditions  like  coronary  heart  dis-
ease,  congestive  heart  failure,  diabetes  mellitus,  peripheral
vascular  disease,  muscle  dysfunction,  cachexia  and  osteo-
porosis,  among  others.43
Although  they  inﬂuence  patient  prognosis,  comor-
bidities  should  not  preclude  indication  for  pulmonary
rehabilitation.44 On  the  contrary,  PR  programs  should  be
adapted  to  comorbidities,  not  only  in  the  evaluation  settings
but  also  in  the  prescription  of  PR  modalities  and  monitoring
PR  programs.  Exercise  training,  the  core  of  PR  programs,
has  also  demonstrated  well  documented  beneﬁts  in  several
comorbidities.  Moreover,  exercise  training  has  a  clear  and
high  level  of  evidence-based  beneﬁts.  The  level  of  recom-
mendation  is  IA  for  conditions  like  coronary  heart  disease,
congestive  heart  failure,  diabetes  mellitus  and  peripheral
vascular  disease.45,46
The  most  relevant  exercise  training  adaptations  in
patients  with  comorbidities  are:
•  Coronary  heart  disease:  a  moderate  intensity  training  is
recommended,  being  cautious  in  relation  to  intensity  pro-
gression  (start  with  intensities  of  50  to  60%  of  maximal
heart  rate  attained  in  previous  maximal  exercise  test  and,
if  well  tolerated,  gradually  increase  the  intensity  to  a
maximal  threshold  of  80%  of  peak  heart  rate);  train  below
the  anaerobic  threshold,  and  if  ischemic  or  arrhythmic
thresholds  are  present,  train  below  those  limits;  train
under  clinical  surveillance  and  telemetric  monitoring,  at
least  in  the  ﬁrst  few  weeks.
•  Congestive  heart  failure:  slow  progression  of  exercise
intensity,  as  tolerated;  start  with  intensity  of  40%  peakVO2
and  progress  to  80%  peakVO2;  clinical  and  telemetric
monitoring  and  active  search  for  signs  or  symptoms  of
instability  (central  or  peripheral  edema,  rapid  weight
gain,  pulmonary  congestion)  are  highly  recommended.
•  Diabetes  mellitus:  an  accurate  monitoring  of  glu-
cose  is  recommended  to  improve  metabolic  control;
prevention  of  hypoglycemia  (with  diet/nutritional  coun-
seling  and  pharmacological  adjustments,  if  needed);
search  for  metabolic  derangements  (exercise  is  con-
traindicated  if  glycemia  >  250  mg/dL  with  ketonuria  or
if  glycemia  >  300  mg/dL);  be  aware  of  possible  sub-
clinical  coronary  disease;  evaluate,  prescribe  and  monitor
evolution  according  to  this  information;  diabetic  foot
surveillance  is  recommended,  with  particular  attention
to  adequate  hydration.
• Peripheral  vascular  disease:  privilege  gait  training  above
ischemic  threshold  for  lower  limbs  (training  elicits  clau-
dicating  symptoms;  if  intense  pain  is  present,  training  iserformance  in  patients  with  respiratory  disease  39
followed  by  a  brief  period  of  rest  to  permit  symptoms
to  resolve;  repeat  for  30  min  to  1  h);  it  should  be  noted
that  peripheral  vascular  disease  is  frequently  associated
with  systemic  vascular  disease,  including  cerebral  and
coronary,  though  an  active  search  for  sub-clinical  coronary
disease  is  mandatory.
onclusions
lthough  strongly  recommended  by  scientiﬁc  societies,
ulmonary  rehabilitation  programs  still  need  to  be  more
idely  implemented.  PR  programs  have  shown  high  level
f  evidence  of  beneﬁts  in  chronic  respiratory  patients,  par-
icularly  those  with  COPD.  Exercise  training  is  an  essential
omponent  of  PR  programs  and  its  beneﬁts  are  well  docu-
ented  in  the  literature.  Clinicians  should  be  aware  of  the
ifferent  strategies  available  in  order  to  optimize  exercise
raining,  patient  security  and  compliance.  Generalization
nd  development  of  the  existent  PR  programs  and  imple-
entation  of  new  strategies  and  modalities  should  be  a
onstant  preoccupation  for  all  clinicians  involved  in  the  care
f  respiratory  patients.
Patients  with  advanced  COPD  show  signiﬁcant  exercise
ntolerance  due  to  severe  muscle  dysfunction  and  intense
yspnea.  In  these  patients,  exercise  with  interval  training  --
epeated  short  high  intensity  training  periods  (30  s  to  3  min),
nterspersed  with  rest  or  low  intensity  periods,  and/or  global
trength  training  or  localized  to  quadriceps,  under  oxygen
upplementation  if  needed,  might  constitute  suitable,  appli-
able  and  efﬁcacious  exercise  training  strategies.
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